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ABSTRACT 
American cockroaches, Periplaneta americana (L.) (Dictyoptera:Blattidae) is obnoxious and filthy domestic 
pest of tropical countries and Southeast Asia. They can contaminate food and kitchen utensils with excrement 
and salivary secretions and leave an unpleasant odor. A series oforganotin(IV) complexes were tested against 
P. americana nymph. In this topical toxicity test, LD50 and LD90 of a series of organotin(lV) complexes were 
determined for the toxicity value. High insecticidal activity against P. americana nymph were achieved with 
[Ph2SnCl(APCT)] at 0.0030ppm while APCT and [MezSnCl(APCT)] do not show any insecticidal effect at 
the dose tested range. The LD50 value for [PhzSnCl(APCT)] was 0.0019ppm and the LD90 value was 
0.0025ppm. [PhzSnCl(APCT)] was the most toxic compound, followed by [BuzSnCl(APCT)]. The LD50 
value and the LD90 value of [BuzSnCI(APCT)] were found to be 0.0022ppm and 0.0031ppm respectively. 
Parasitic wasps (Aprostocetus hagenowii) were found in the oothecae P. americana. 
Keywords: P. americana nymph, LD5o, LD9o, Aprostocetus hagenowii, Organotin(IV) complexes 
ABSTRAK 
Lipas America, Periplaneta americana (L.) (Dictyoptera:Blattidae) ialah sejenis buruk dan kotor domestik 
hama Negara tropika dan Asia Tenggara. Mereka boleh mencemarkan makanan dan peralatan dapur 
dengan sekresi air liur dan meninggalkan bau yang tidak menyenangkan. Satu siri organotin(IV) kompleks 
diuji terhadap nimfa P. americana. Dalam kajian toksik topical ini, LDslJ and LD91J dari satu siri 
organotin(IV) kompleks lelah ditentukan untuk nilai toksik. Ketinggian toksik insektisida terhadap nimfa P. 
americana dicapai dengan [Ph2SnCI(APCT)] di O.0030ppm sedangkan APCT dan [Me2SnCI(APCT)] tidak 
menunjukkan kesan insektisida pada liputan dos yang diuji. Nilai LD5(} dan nilai LDl)o kepada 
[Ph2SnCI(APCT)] lalah O.0019ppm dan O.0025ppm masing-masing. Ph~nCI(APCT)] adalah sebatian yang 
paling beracun diikuti oleh [Bu2SnCI(APCT)]. Nitai LDjl) dan nitai LD9IJ kepada [Bu2SnCI(APCT)] ialah 
O.0022ppm and O.0031ppm masing-masing. Tawon parasit (Aprostocetus hagenowii) lelah dijumpai di 
dalam oothecae P. americana. 






American cockroach, P. americana (Linnaeus) is obnoxious and filthy domestic pest of 
tropieal countries and Southeast Asia. It was originally spread from tropical Africa on 
ships and is virtually cosmopolitan in distribution nowadays (Bell and Adiyodi, 1982). 
Several surveys had carried out and found that this species is the most dominant 
species in Malaysia (Oothuman et aI., 1984; Yap et ai., 1991; Lee et ai., 1993; Yap et 
ai., 1997; Lee and Lee, 2000a). The adult males are 34mm-53mm long and female are 
29-36mm long and their body are shiny, reddish brown to dark brown (Robinson, 
2005). Nymphs resemble the adults but they are smaller and lack wings (Barbara, 
2008). According to Robinson (2005), the first instar nymph is uniformly pale brown 
and tips of the maxillary and labial palps are white. Wing pads develop during the 
third- and fourth-instar nymph. Adults and nymphs prefer the temperature at 28°C but 
they remain active at 21°C. The oothecae are usually 8mm long and 4mm wide and 
usually deposited near the food source and contain enough water for the eggs to 
complete development (Nascimento et al., 2008). 
Besides that, the American cockroach is an omnivorous and opportunistic feeder which 
eats decaying organic matter and it is a scavenger that will eat almost anything such as 
sweets, paper, food, cloth and dead insects (Bell and Adiyodi, 1982). They can be 
found in both outdoors and indoors and favors microhabitats with high humidity. 
Although American cockroaches are not direct carriers of diseases, they can 
contaminate food and kitchen utensils with excrement and salivary secretions and leave 
an unpleasant odor (Drees and Jackman, 1999). The pathogenic diseases transmitted by 
them to man are enteric fever, dysentery and leprosy (Eads et al., 1954; Cornwell, 




extensively as a laboratory animal for insecticide testing or research on the function of 
the nervous system due to its relatively large size and ease of culturing. Cockroaches 
are control primarily with synthetic organics insecticides in the form of baits, aerosols, 
foggers, and crack treatments (Yoon et at., 2009). 
Organotin(IV) compound is an organometallic compound. Organotin(IV) compounds 
are substances which have at least one direct tin-carbon bond (Champ et at., 1996). 
They can be classified as mono-, di- , tri- and tetraorganotin(IV) depending on the 
number of alkyl (R) or aryl (Ar) moieties attached to the tin metal (Hadi et at., 2009). 
The counter anion is usually chloride, oxide, fluoride, hydroxide, and thiolate (Pellerito 
and Nagy, 2002). The organotin(IV) compounds continue to be of interest in research 
due to their interesting structural features (Tiekink, 1991; Shahid et at., 2003; Bhatti et 
al., 2005) and also their wide applications as catalysts, antifouling agents, agricultural 
biocides, antitumor agents and other biological activities (Hadi et al., 2009). The 
coordinating properties of carboxylates toward organotin(IV) compounds had caused to 
the isolation of some new organotin(IV) carboxylates and carboxylate derivatives 
which have shown some interesting biological activities (Hadi et aI., 2009). In industry 
and agriculture, the uses of organotins have begun in the last few decades (Wiecek et 
ai., 2010). Besides that, organotins do have applications in biomedicinal areas such as 
amaebicide, fungicide and bactericide and some of them are potential candidates for 
cancer chemotherapy (Bergamaschi et aI., 1997). 
In this study, LDso and LD90 of APCT, [Me2SnCI(APCT)], [Bu2SnCI(APCT)] and 
[Ph2SnCI(APCT)] were determined for the toxicity value. LDso is abbreviation for 
"Lethal Dose 50%" and sometimes also refer as "Median Lethal Dose" (Wrightson et 




a group (Girard, 2005) while LD90 means the dose that will kill 90% of the tested 
animals in a group. By comparing the LDso values is allow to assess the relative 
toxicity of the chemicals. The smaller the LDso value, the more toxic the chemical 
substance is. In a dose-responses study, increasing dosage levels are sometimes 
compared with the control dose (zero dose) to assess the effect. "Dose" is defined as 
the amount of a stimulus such as drug, pesticides, and etc. while "responses" defined as 
the number of insects responding to the tested drug or pesticide dosage. According to 
Wrightson et ai, (2007), LDso values are normally reported in units of milligrams of the 
substances per kilogram body weight for the tested animals (mg/kg or ppm). 
Recently, a new senes of synthesis [Me2SnCI(APCT)], [Bu2SnCI(APCT)] and 
[Ph2SnCI(APCT)] have been synthesized by Affan et ai. (2010). From the previous 
studies, organotin(IV) compound had shown toxicity effect against microbial activities 
(Tan, 2007) and termites (Affan et ai., 2009) This present project work was focused on 
determining whether the ligand and a series of organotin(IV) complexes have 
insecticidal properties against American cockroach. 
Therefore, the main objectives ofthis study are: 
1. 	 To test organotin(IV) compounds against American cockroach, (P. americana). 
2. 	 To determine whether organotin(IV) compounds have insecticidal properties 
against American cockroach following which the lethal dose (LDso and LD90) of 










2.0 Literature Review 
2.1 Bioassay's work 
An assay is a fonn of biological experiment. There are two types of assay: (a) 
qualitative assays and (b) quantitative assays (Saha, 2002). Qualitative assays do not 
present any statistical problems whereas quantitative assays provide numerical 
assessment of some property of the material to be assayed and pose statistical 
problems. Bioassay or biological assay is the methods for estimating or detennining 
Ithe potency of a drug or the amount of compound by means of the reaction caused by 
t 
its application to living matter or organism (Govindarajulu, 2001). The organism 
t 
used is sensitive to the compound for which the test is conducted. The observation is 
typically on the effect of the compound against the test organism for example death 
or deteriorated of the test organism. I 
There are three main types ofbiological assays that are commonly used for numerical 
'j 
1evaluation of potencies (1) direct assays (2) indirect assays based on quantitative 
t 
responses and based on quantal responses. They make use of dose-response 1 
regression relationships. According to Saha (2002), in direct assays, the doses of the I 
standard and test preparations are sufficient to produce a specified response and can 
be direct measured and the response must straightforward and easily predictable and 
exact dose can be measured without time lag or any other difficulty. In indirect 
assays, the relationship between the dose and response of each preparation is first 
detennined. Then, the dose corresponding to a given response is obtained from the 
relation for each preparation separately. 
5 
2.1.1 Topical Toxicity test 
Some bioassay works on American cockroach were carried out by earlier 
researchers such as Rahman and Alter (2006) and McDonald (1996) who described 
dose mortality bioassays by topical application of an insecticide solution of 
different doses to the thoracic notum of individual adult using Hamilton microlitre 
syringe. Cockroaches were anaesthetized before dosing. Acetone treatment is used 
as control. Treated cockroaches were placed in Pyrex glass beakers containing 
small amount of food, placed in a temperature-controlled incubator at 26°C ± 0.5°C. 
The LDso values were found to be 303.04 and 511.56 ng/insect respectively for 
cypermethrin and diazinon. From the experiment, cypermethrin might proved to be 
more effective. 
Kakeh et aI., (1997) tried topical and oral toxicity of fipronil, and chlorpyrifos 
against the German cockroach, Blattella germanica and American cockroach, 
Periplaneta americana. Fipronil was significantly more toxic than topically applied 
chlorpyrifos where LDso were 0.06 and 0.16 ~g/g for B. germanica and P. 
americana respectively. No mortality was recorded in B. germanica and P. 
americana control groups. Stage (for B. germanica), diet concentration and feeding 
assay affected the experiment oral toxicity of fipronil and chlorpyrifos in Petri dish. 
Fipronil caused higher mortality of B. germanica than chlorpyrifos in two feeding 
assays. Both compounds were equally toxic to adult males of P. americana at all 
rates. Fipronil caused higher nymphal mortality than chlorpyrifos 48-72 hours after 
exposure in both feeding assays. Fipronil bait was more effective and faster in 
killing P. americana than Raid and Combat where LDso were 0.8, 2.4, and 7.6 each 
for fipronil, Raid (chlorpyrifos), and Combat (hydramethylnon) baits in large 
6 

population chamber tests. At the end of the 14 day test, mortality reached 96.5%, 
93.4%, and 84.6% respectively. 
Anti-termitic test had been carried out by Affan et aI., (2009). In this test, a no 
choice bioassay was carried out to determine the anti-termitic activities of the 
thiophene-2-carboxaldehyde benzhydrazone ligand and its organotin(lV) 
complexes. In this test, 10% W/V of the HTCB ligand and its organotin(IV) 
complexes had 100% mortality after 3-5 days of test while 1 % W/V could kill all 
termites (Coptotermes sp.) after 3-14 days. In the no choice bioassay method, the 
test specimen is normally given food that is available only and provides an 







Another no choice bioassay of limonoids isolated from Phellodendron amurense 
bark, Citrus natsudaidai seeds and neem oil (Azadirachta indica) against termite 
(Reticulitermes speratus pseudogates) was carried out by Serit et al. (1993), 
obacunone was the most potent while the limonin deacetylnimbin, 17­
epiazadiradione, nimbin and epoxyazadiradione were not active against termites. 
7 
2.2 Organotin(IV) compounds 
2.2.1 Chemical Structural of organotin(IV) compounds 
The Chemical Structural of organotin(IV) compounds used in this study are as 
follows: 
Compound name and structure Molecular Physical Melting 




275.392 Brownish 180-182 
Figure 1: 2-acetylpyridine-N( 4)-cyclohexyl yellow 
thiosemicarbazone 
Figure 2: Dimethyltin(IV) chloride complex of 2­
acetylpyridine-N( 4 )-cycJohexyJ thiosemicarbazone 
458.599 Yellow 190-192 
CI 
n-~ I ~ n-Bu 

t '/'
s----sn?8Q ~~~I 542.76 Yellow 248-250 
Figure 3:Dibutyltin(IV) chloride complex of 2­
acetylepyridine-N( 4 )-cyc lohexyl thiosemicarbazone 
8 

582.73 Yellow 190-192 
Figure 4: Diphenyltin(IV) chloride complex of2­
acetylepyridine-N( 4 )-cyclohexyl thiosemicarbazone 
• 
I 
2.2.2 Toxicity level of organotin(IV) compounds on varies studies 
The toxicity of organotin(IV) compound is determined by the number and the 
nature of the organic substituents because the organic group,R can determine the 
potential activity (Snoeij et ai., 1987). From previous studies, organotin(IV) 
compounds had toxicity effect in humans, in vitro and animals. Different organotins 
had specific toxicity, for example triethyltin is myelinotoxic while trimethyltin is 
toxic to neurons of the limbic system (Chang, 1990). Toxicity of organotins in 
humans is most frequently reported as loss of memory and insomnia as well as 
other symptoms including death (Rey et ai., 1984) Trimethyltin exposed to human 
can cause neurotoxicity while the liver damage can be caused by triphenyltin 
acetate (Magos et at., 1986). Borenfreund and Babich (1987) studied on a series of 
diorganotins, the dibutyltin is the most cytotoxic for brain derived cells while the 
dimethyltin is the least toxic. Monobutyltin and dibutyltin were mutagenic in 
Salmonella typhimurium TAl00 while only dibutyltin showed positive result in 




From toxicity study of the organotin(lV) complexes in termites (Coptotermes sp.), 
phenyltin(IV) complex is identified as a compound with good termiticidal effect 
which can kill all the termites within 3 to 4 days below 1% WN (Affan et al., 
2009). Futhermore, cytotoxicity test on Artemia salina also carried out by Affan et 
al., (2009), the diphenyl and phenyltin(IV) complexes showed high cytotoxicity 
and this reveals that phenyl groups playa role in determining the cytotoxicity of the 
compound. 
2.2.3 Biological studies of organotin{IV) compounds 
The organotin(lV) compounds are known to exhibit strong biological activity and 
normally exhibit high toxicity, even at very low concentration. Their biological 
activities are basically determined by the number and nature of organic groups 
bound to the central tin atom (Pellerito and Nagy, 2002). Numerous studies on 
organotin(IV) compounds have been carried out to study its biological properties 
against bacterial (Tan, 2010; Jamil et al., 2009), fungus and cancer cells line 
(Crouse et al., 2004; Novelli et al., 1999). In general, triorganotins and 
diorganotins(IV) compounds have the highest toxicity. Triorganotins are utilized 
for the fungicidal, bactericidal and algicidal properties in manufacturing and 
agriculture industries (Tan, 2010). For example, tributyltin is usually used in 
antifouling paints that coats structures exposed to aquatic environment including 
ships, sea walls and pleasure boats (Cooney et al., 1994) whereas triphenyltins acts 
as fungicides which protect crops, including potato, celery and rice. 
10 

2.3 Test specimens: American cockroach 
A great variety of insects are incriminated as carrier of several pathogens. American 
cockroach is an active carrier of many pathogenic organisms (Nascimento et al., 2008) 
and acts as carrier diseases organisms. Cockroaches are classified as nuisance pest 
because they emit a repulsive odor, feed on anything edible to human, hide in cracks 
and crevices of structures and degrade the aesthetics of household environment 
(Peterson and Shurdut, 1999). American cockroaches can breed in large numbers and 
they often move from sewers into commercial establishments and dwellings where 
they contaminate items with their saliva excrement and their legs and feet (Reierson 
et ai., 2005). They are potential mechanical vectors of disease due to their association 
with human environment (Lee, 1997). In addition, their feeding mechanisms and 
filthy breeding habits cause them the ideal agents for transmitting pathogenic bacteria 
and may infrequently cause allergic and asthmatic responses among sensitized 
individuals (Brenner et ai., 1991; Lee, 1997). Furthermore, cockroach feces and body 
parts are well known allergens as direct causes of bronchial asthma (Kang 1990; 
Duffy et al., 1998). At least over 100 species of bacteria, fungi, virus, protozoan and 
parasites have been isolated (Cruden and Markovetz, 1987) and cultured from P. 
americana such as Salmonella spp., Escherichia coli, Staphylococcus aureus, 
Streptococcus spp., Euterobacteriaceae, Pseudomonas aeruginosa, etc. In 
Bouamama et al. (20lO) study, Salmonella spp., Shigella dysenteriae, and Yersinia 
enterocolitica were found out that they cause typhoid, paratyphoid fever, dysentery 
and enterocolitis among others diseases in humans. 
11 

2.4 Data analysis 
Probit analysis is used to analyze data from the bioassay experiments (Finney, 1971). 
Test samples of insects in entomology are typically exposed to several concentrations 
of an insecticide to determine the concentration that kill 50% of the insects within a 
given period (Throne et al., 1995). In a typical assay of two insecticides, the groups 
of insects are exposed to a range of doses of each poison and a linear relationship is 
usually postulated between percentage kill expressed as probit (Y) and log dose eX) 
according to the regression line: Y = aX + b where a = intercept from the regression 
of the transformed data and b = slope. The estimation procedure consists of fitting 
weighted linear regression lines to the data for each poison. According to Parson et al. 
(1967), in many bioassays, it is usual to transform the dose into log dose so that the 
" 
I 
distribution of the tolerances will be normal and the true relationship between probit i 
and dose linear. 
According to Kaakeh et at. (1997), LDso's fipronil and chlorpyrifos were analyzed by 

pro bit analysis in order to determine insecticide toxicity. Besides that, there is another 

study from Rahman and Akter (2006) where dose-mortality data of diazinon and 





3.0 Materials and Methods 
3.1 Rearing of test specimen, American cockroach (P. americana) 
American cockroach was collected by hand catch or cockroach trap and placed in a 
plastic container layered with used newspaper and egg carton (Fig. 5) which serve as 
their shelter and protection (Tunaz et at., 2008). Some foods were put inside the trap 
such as biscuit and salted fish to lure the cockroach. Besides that, some of the 
cockroaches were bought from a fish shop at Tabuan Jaya and were reared in the 
plastic container. The cockroaches were reared under room temperature 27°C ± 2°C 
with 12:12 (L:D) photoperiod and relative humidities of 60 ± 10 % (Nasirian et at., 
2006). The diet consisted of chicken pellet and water was supplied on a petri dish 
with wet cotton wool to provide moist drinking surfaces (Fig. 6). The oothecae were 
shifted from plastic container and placed in another rearing plastic container to 
prevent any cannibalism and the culture cockroaches in any container was about the 
same age and stage development (Gilbert, 1964). A piece of cloth was placed on top 
of the lid to prevent the culture nymph from escaping and allow for ventilation (Fig. 
8). Besides that, the upper inside surface of the plastic container was lightly greased 
with cooking oil to prevent escape (Nasirian et al., 2006). Chicken pellet used to feed 
the emerging nymphs till they grow to 2nd instar nymph. Chicken pellet are used as 
cockroach's food because of their nutrient content, cost and availability. The nymph 
cockroaches were supplied with an unlimited supply of water. The 2nd instar nymph 
cockroaches were used in the treatment (Fig. 7). 
13 

Figure 6: A small size container for observational purposes and 
supplied with small amount offood and water 




3.2 Test Chemical 
Dimethyltin(IV) chloride complex of 2-acetylpyridine-N( 4 )-cyclohexyl 
thiosemicarbazone, [Me2SnCI(APCT)], Dibutyltin(IV) chloride complex of 2­
acetyl pyridine-N (4)-cyclohexyl thiosemicarbazone, [Bu2SnCI(APCT)], 
Diphenyltin(IV) chloride complex of 2-acety I pyridine-N ( 4 )-cyclohexy I 
thiosemicarbazone, [Ph2SnCI(APCT)] and 2-acetylpyridine-N( 4)-cyclohexyl 
thiosemicarbazone, [APCT] used as test compound. 2-acetylpyridine-N(4)­
cyclohexyl thiosemicarbazone is the ligand of organotin(IV) complexes. Dimethyl 
sulfoxide (DMSO) used as control chemical. These chemicals were provided by 
Associate Professor Dr. Md. Abu Affan from Chemistry Department of FRST, 
UNIMAS. 
3.3 Topical Toxicity Test 
The cockroaches nymph were treated with five doses of [Me2SnCI(APCT)] viz. 
0.0015 ppm, 0.0020 ppm, 0.0025 ppm, 0.0030 ppm and 0.0035 ppm and each doses 
were replicated four times (one cockroach nymph for each replicate) (Nasirian et aI., 
2006). Control experiment was treated with DMSO. The cockroach nymph was 
removed from the colony with small sized brush into a small size plastic container 
with food and water supply for testing (Baldwin and Koehler, 2007). One ilL of 
[Me2SnCI(APCT)] of different doses were placed onto the intercoxal spaces of the 
ventral mesothorax of cockroach nymph. lbe treatment were repeated with APCT, 
[Bu2SnCI(APCT)] and [Ph2SnCI(APCT)]. After treatment, each cockroach nymph 
were placed in a small size container for observational purposes and supplied with 
small amount of food and water (Fig. 9). Mortality was observed at 6, 12, 24, 48, 72, 
15 

84 and 96 hours following treatment. Tested cockroaches were considered dead when 
they were unable to move when placed in dorsal side and inability to respond to 
prodding (Tunaz et at., 2008). The toxicity effect may cause growth development 
retardation, change the characteristics physical of P. americana nymph. This 
situation can be observed during treatment, P. americana nymph was having ecdysis 
and shed the old cuticle and the new cuticle is elaborated by the new epidennal cell 
(Fig. 10). 
Figure 9: A small size container for observational purpose 
Figure 10: The ecdysis process by P. americana nymph 
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3.4 Determination of lethal values 
The dose-response was assessed by probit analysis using Microsoft Excel. LDso and 
LD90 values of APCT, [Me2SnCI(APCT)], [Bu2SnCI(APCT)] and [Ph2SnCI(APCT)] 
on P. americana nymph were determined by plotting a graph on log probit scale. For 
this purpose the average value of each dose was plotted along the x-axis and 
percentage of probit mortality along the y-axis and the eye fitted curve was drawn. 
The LDso and LD90 values were determined from the intercept of the regression line 





Result of topical toxicity test of 2-acetylpyridine-N(4)-cyclohexyl thiosemicarbazone 
(APCT), Dimethyltin(IV) chloride complex of 2-acetylpyridine-N( 4)-cyclohexyl 
thiosemicarbazone, [Me2SnCI(APCT)], Dibutyltin(IV) chloride complex of 2­
acetylpyridine-N( 4)-cyclohexyl thiosemicarbazone, [Bu2SnCI(APCT)] and 
Diphenyltin(IV) chloride complex of 2-acetylpyridine-N (4 )-cyclohexyl 
thiosemicarbazone, [Ph2SnCI(APCT)] against P. americana nymph for five doses 
within 5 days exposure are summarized in Table 1 to Table 4. Control treatments were 
tested against P. americana nymph for the same period of time and kept with the same 
numbers of test specimen. Each replicate used one cockroach nymph in the same stage 
of development. 
Table 1 shows the result obtained from topical toxicity test of 2-acetylpyridine-N(4)­
cyclohexyl thiosemicarbazone against P. americana nymph. Two of the four test 
specimens were died at O.0030ppm but none died at O.0035ppm. The result of 
O.0030ppm may count as error. It may be due to other unkno\vn causes. As in Table 1, 
the other doses do not show any mortality which includes DMSO control groups. This 
may due to DMSO will not show any toxic effect if treated alone. 
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